INTRODUCTION
This work is concerned with positive, blowing-up solutions of the semilinear heat equation
Working with the equation in similarity variables, we first prove a result suggested by center manifold theory. We then calculate the refined asymptotics for u in a backward space-time parabola near a blowup point, and we obtain some information about the local structure of the blowup set.
A lot of work has been done concerning the blowup of solutions of ( 1.1 ) and related equations such as For extensive discussions and bibliobraphies we refer to ([2] , [3] , [5] , [8] - [15] ).
When studying the local properties of the blowing-up solutions of ( I , 1), it is convenient to use the method developed by Giga and Kohn ([12] , [13] , [14] ) based on similarity variables. This change of both dependent and independent variables is defined by where b is a blowup point and T is the blowup time. If u solves (1.1) then w exists for all time s and solves where Studying the behavior of u near blowup is equivalent to studying the large time behavior of w. Let us assume that u is nonnegative and p is "subcritical", i. e. n = 1, 2 and p > 1, or, if n >_ 3, 1 p (n + 2)/ (n -2). Then, it follows from [13] , [14] and {e-j (y)}~j=1. We also expand v ( y, s) as:
The presence of a nontrivial null space in the linear operator of (1 . 5) suggests the use of center manifold theory: if a trajectory of ( 1. 5) Although this is what should happen generically, there are exceptional solutions of ( 1 . 5) which approach zero exponentially fast. In the context of center manifold theory these are trajectories lying on the stable manifold (for a rigorous and more extensive treatement of these ideas see e. g. [6] ). With these as motivation, it has been shown in [7] Where II° denotes the orthogonal projection onto the neutral eigenfunction efl. The above ODE system will play a crucial role in the analysis of the present work. As we show in Section 2 it can be put in a remarkably simple form, and we are eventually able to solve it explicitly.
In the one dimensional case it was shown in [7] . Moreover, the center of scaling is an isolated blowup point.
Herrero and Velazquez ( [15] , [16] , [17] , [22] ), following the ideas developed in [ 11 ] As in [7] we believe that the situation where v decays exponentially fast is in some sense exceptional, but (as in [7] ) we are unable to prove it. If n =1, then necessarily k = 0 and the asymptotic behavior of v is the same as that given by (1.10). For n >_ 2 the above result suggests that there are n different possibilities depending on the rank of the matrix Ao.
If u (or equivalently v) is radially symmetric and decreasing in I x then it has been proved recently in [1] and [20] that the large time behavior of Vol. 10, n° 3-1993. 
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This is also given by ( 1 . 14) with k = 0.
Blowup along a continuum is known to exist. It has been proved in [14] that there are initial data in Rn for which the blowup set of (1.1) is exactly an (n-I)-dimensional sphere. We believe (but we have no proof so far) that the refined asymptotics of v, given by (1.14) for k= n -1, correspond to such a situation. [5] , [17] . If [9] . In fact, the above theorem says that if the asymptotics of the solution is given by (1. 16) , that is, the solution is asymptotically radially summetric and decreasing, then the blowup point is an isolated one.
Center manifold ideas have also been used by Bressan [4] This can be found in [7] . We also remind the reader that the Hermite polynomials are defined by It follows from the above Lemma that the null space of If has dimension n (n + 1 )/2 = m and the (normalized) neutral In-k is the (n -k) X (n -k) identity matrix, and Ok is the k X k zero matrix.
Proof. As in [7] Next, it is clear from (3 . 6) that we also have:
... ~ ~ . ~ . _ . ,-, . To show the left inequality of (3.10) we use (3 . 5) to obtain ' for some positive constant c, and the desired estimate follows by integration. ' The right inequality of (3.10) requires more work. We first obtain some preliminary estimates. From (3. 5) [12] , [13] , [14] ).
In giving the proof of Theorem A two Lemmas will be used. The first one is an elementary ODE Lemma similar to the one used in [7] . In fact it is a slight modification of it, which allows us to deal with quadratic terms. It basically contains all the center manifold ideas that we use in the present work. Proof. -By rescaling in time we may assume cl =1. We divide the proof into five steps:
Step 1: Unless x, y, z --~ 0 exponentially fast, there will be a time at which co y 2 (x + z ) 2 . Indeed, if co y ? 2 (x + z)2 for all time then from (4 . 3) we would have:
This implies that y --~ 0 exponentially fast and that forces x, z to decay exponentially fast as well.
Step 2 : Let Once a (t) becomes negative, it will stay nonpositive thereafter, for large times.
ON THE BLOWUP OF MULTIDIMENSIONSIONAL
The key observation here is that: provided t >_ to for some to large enough. Indeed, using ( for t large enough.
Step 3: There exists some time after to at which If not, (4 .1 ) would force z to grow exponentially fast contradicting (4 . 4).
Step 4: Let ~i (t) = co z -2 (x + y)2. Once this quantity becomes negative it will stay nonpositive thereafter.
Working as in step 2 we first show that so long as P (t) >_ 0 then:
for t large enough. But then, if p (t) ever becomes positive it should have a nonnegative slope, contradicting the fact that p (t) -0. We conclude:
for t large enough.
Step 5: The desired result follows from (4. 7) and (4. 8) . D The second Lemma is concerned with an a priori estimate of solutions of:
withf(x)=O(x2) as x -0. This is due to Herrero and Velázquez [15] ;
although they proved it in the one dimensional case the same proof works for any space dimension. We now give the proof of Theorem A.
Proof of Theorem A. -Let, as usual, v + denote the projection of v onto the eigenfunctions of !l' corresponding to the positive eigenvalues and similarly for vo and v _ . We also set and has been shown in [7] with c = c' C. Since x, y, z they all go to zero with s, we get for large enough time:
The last inequality of (4.12) can be dealt with similarly. Hence, from system (4.12) we have:
We now use lema 4.1 to conclude that there exists a time so after which and the Theorem has been proved. is the (n -k) X (n -k) identity matrix and Ok is the k X k zero matrix.
Proof. -As usual we set cn =1. We being by analyzing the asymptotics of the eigenvalues of A (s). In view of (4 .17) , an argument identical to that of Lemma [7] that this indeed is hat happens, in the special case where n = 1 and v decays at an algebraic rate. We can now use the same method, to extend this result to arbitrary space dimension n. Roughly speaking we will show that if the center of scaling b is a blow up point, there is no other blow up point in a neighborhood of b except possibly along the region where v ( y, s) takes on its maximum values. Our precise statement is Theorem C.
We briefly recall the method of [7] . We denote by E (s) the "energy" functional, defined for all solutions of ( 1.1 ) rescaled about any point (a, T) by:
At the heart of the method is the following result due to Giga and Kohn [14] : if for some time so, then a is not a blow up point, where K = -. . This result can be used in the following way. Assuming that b is a blowup point, and using the similarity change of variables and the refined asymptotics of wb, one can calculate the "energy" functional corresponding to points a in a neighborhood of b. Those point a for which (6.2) is true are then excluded from the blowup set.
We now give the proof of Theorem C. Proof of Theorem C. -Assume that 0 is a blow up point and let a be a point near it. Then, using the usual transformation ( 1 . 2) we have: it has been shown in [7] that for large times we can rewrite (6.1) as:
where Although this was proved for n = 1, the proof works for any space dimension with trivial changes. (In fact, all arguments in [7] are n-dimensional, 
